I. INTRODUCTION
The understanding of the convection in binary fluid spherical shells is fundamental in astrophysics, geophysics, and magnetohydrodynamics. For instance, the Earth's magnetic field is generated in its interior by convection driven by thermal and compositional buoyancy. In addition to the secular cooling of the core, a non-negligible contribution to the energy output of the core is supplied by the latent heat released during crystallization of the inner core, and by the gravitational energy released as the fluid, enriched in light elements by crystallization of the inner core, rises. 1 On the other hand, the thermal convection in the major planets and stars is also affected by the composition of its atmospheres and deep layers. For instance, stars with less than 1.1 solar masses, and belonging to the lower main sequence, possess an inner radiative zone and an outer convective region, mainly of hydrogen, below the photosphere. 2 The Boussinesq approximation of the onset of convection of a pure fluid subject to radial gravity in rotating spherical shells is well studied (see Refs. 3-9 among many others). According to Ref. 10 when the first bifurcation is of Hopf type and breaks the axisymmetry of the conduction state it gives rise to waves travelling in the azimuthal direction. With η = 0.35 and differential heating, which are the conditions used in this study, and for σ = 0.1 at moderate E, the preferred pattern of convection fills the shell up to high latitudes, keeping the polar regions almost motionless, but at low E it is of columnar type, confined near the inner boundary. In contrast with internal heating, at σ = 0.001 and very low E, the modes of convection remain attached to the outer spherical surface, the sake of completeness, and taking into account that it is poorly determined, the same study is done in Sec. V for σ = 0.001, η = 0.35, and E = 10 −3 . The paper concludes with a summary of the results obtained.
II. MATHEMATICAL FORMULATION
Although we seek to study the influence of a mixture of two fluids in the onset of convection generated by external compositional and temperature gradients in a rotating spherical shell, general equations are derived for a binary mixture of fluids heated either internally and/or differentially, and the Soret and Dufour effects 23 are included in the general formulation. The spherical shell considered is rotating about an axis of symmetry with constant angular velocity = k, and subject to a radial gravity g = −γ r, where γ is a constant, and r the position vector. The gap width is d = r o − r i , where r i and r o are the inner and outer radii, respectively.
The mass conservation, linear momentum, energy, and concentration for the denser component equations are written in the rotating frame of reference. To take into account the Soret and the Dufour effects in the formulation of the problem, and following Refs. 24 and 25 the flux densities of diffusion of components and heat are written as
respectively. In the above expressions, ρ is the density of the mixture, D the diffusion coefficient, K T the thermal diffusion ratio, K the thermal conductivity, K p the barodiffusion ratio, and μ the chemical potential. However, since we will suppose that the motion of the fluid is caused by temperature and compositional gradients maintained through the boundaries, we will neglect the term in ∇ p from J c . 24 The equations are derived by extending the Boussinesq approximation to the equation for the concentration. Accordingly, the density in the buoyancy force is taken as
α and β being the thermal and the compositional expansion coefficients, respectively, measured at the volume-averaged temperature T and concentration C for which the mean density is ρ. They are defined as
We will suppose that the dependence of ρ with p is very small, 25 and consequently will be neglected. Despite this approximation is strictly valid in laboratory conditions, and it is not fulfilled in stars and planetary interiors at high non-linear regimes, it supplies a preliminary knowledge of how the composition modifies the convection at onset.
The coefficients of the gradients in J c and J h are taken constant, all of them averaged in the full domain. Then, the fluxes of heat and mass become proportional to both ∇C and ∇T , giving rise to the Soret and Dufour effects. The first accounts for the generation of mass fluxes due to the existence of temperature gradients. We have checked that when external compositional gradients are imposed it gives rise to second order effects (see last paragraph in Sec. IV B). The second accounts for the generation of heat fluxes due to the existence of compositional gradients. This effect is, in any case, very small for liquids. 23 The nondimensional form of the equations is obtained by using d as length, ν 2 /γ αd 4 as temperature, ν 2 /γ βd 4 as concentration, and d 2 /ν as time scales, where ν is the kinematic viscosity. They are 
In the above system, 2 /γ 1 is considered, as happens in the Earth's outer core or in the major planets, and π contains the constant terms coming from ρ(T, C).
The equations can be written in terms of the perturbation (v , , ) of the velocity, temperature, and concentration fields, (v, T, C), from the basic state (0, T c (r), C c (r)). By considering perfectly conducting (T(r i ) = T i and T(r o ) = T o ) boundaries and constant concentration (C(r i ) = C i and
The parameter δ = (1 + η)/2(1 − η) is the mean radius, and r = ||r|| 2 . Substituting (0, T c (r), C c (r)) in the system of equations, and dropping the primes, we find
The nondimensional internal Rayleigh (R i ), external Rayleigh (R e ), compositional Rayleigh (R c ), Ekman (E), Prandtl (σ ), Lewis (τ ) and Dufour (Q) numbers, and the separation ratio (S) are
κ being the thermal diffusivity, c p the specific heat at constant pressure, q the rate of heat due to internal sources per unit mass. Notice that in the full formulation of the problem T = T i − T o and C = C i − C o come from the temperature and composition differences imposed at the boundaries.
The set of equations is completed with the boundary conditions for the perturbations. As we have said before, we solve the problem with non-slip, perfectly conducting boundaries (v = 0, = 0). For instance, in the case of the Earth, the latent heat released in the solidification of the inner core is supposed to contribute to maintain a constant temperature in the inner boundary. For the concentration, we impose = 0, i.e., fluxes of the separated components of the mixture through the boundaries are allowed. In fact, since the external part of the shell remain stably stratified even for supercritical Rayleigh numbers, a change in the outer boundary condition introduces minor variations in the flow velocity. 19 The large number of parameters in the equations determines the need of restricting the range of validity of the computations by doing some approximations. From now on we will always consider 064101-5 Net, Garcia, and Sánchez Phys. Fluids 24, 064101 (2012) differential heating, namely, R i = 0 and Q = 0. Moreover, S = 0 will be taken only for two sets of parameters in order to compare the solution with S = 0. The linear modes are computed with the method described in Ref. 8 . The solenoidal velocity field is written in terms of toroidal and poloidal potentials
and the linearized equations for both potentials are obtained by applying the operators r · ∇× and r · ∇ × ∇× to the momentum equation. Then Eqs. (11)- (14) become
The operators L 2 and Q 3 are defined by
being the spherical coordinates, with θ measuring the colatitude. The boundary conditions on both sides of the shell are, in terms of the potentials,
The equations for X = ( , , , ) are solved by expanding the eigenmodes in spherical harmonic series up to degree L, namely, 
III. ACCURACY OF THE RESULTS
The onset of thermosolutal convection for both R c < 0 and R c > 0 is studied. Notice that this means C = C(r i ) − C(r o ) < 0 and C = C(r i ) − C(r o ) > 0. As said before, because (19) - (23) are written for the denser component, the first situation applies to the present-day Earth's outer core, and the second would correspond to some stars or major planets, where the heavy components such as helium could be placed in the deeper layers.
In general, a higher concentration of the denser component of the mixture near the outer boundary than at the inner gives rises to a destabilizing compositional gradient that reinforce the destabilizing temperature gradient. So, for high enough compositional gradients the onset of convection could take place even with stabilizing temperature gradients, i.e., with negative thermal Rayleigh numbers. In contrast, the highest concentration of the denser component in the interior implies a stabilizing compositional gradient that leads to an increase of the modulus of the critical temperature gradient to trigger the convection, i.e., higher R are shown in Table I . Like for the pure fluid the bifurcation from the conduction state gives rise to an azimuthal drifting wave. The results of the rows with R c = 0 have been computed with the same code as the others setting S = 0, and checked to agree with those computed with an older 8 code written for the pure fluid. For τ = 0, and the values of R c selected, the eigenvalues and eigenmodes do not differ very much from those obtained for R c = 0 because, as it will be seen later on, for each τ a minimum value of R c is needed to observe important changes in the results. In addition, we have compared the ratio of the pure compositional, R For σ = 0.1, the solutions are computed by using 50 radial points and spherical harmonics of maximal degree 80 when E = 10 −3 , and 60 radial points and spherical harmonics of maximal degree 100 for m ≤ 24, 120 for 25 < m < 31 and 150 for m ≥ 31 when E = 10 −6 . With these resolutions the maximal relative errors are below 2% for R c e , and 0.6% for ω c . Some values of R c e and ω c with the corresponding relative errors are shown in Table II . The latter are calculated by comparing the solutions obtained with (N, L) = (50, 80), (60, 100), and (60, 120) with those obtained with (N, L) = (60, 100), (60, 120), and (60, 150), respectively. We have selected solutions with large wave numbers because they have the larger errors. Finally, we include Table III showing the convergence of solutions of wave number m = 23 and 33 with R c = 10 6 , σ = 0.1, τ = 0.1, and E = 10 −6 . It makes clear that a resolution of 60 radial points is sufficient for resolving the boundary layer structure in the linear problem. For σ = 0.001, we have employed (N, L) = (50, 80) for low R c values, and (60, 100) for the largest.
IV. PRANDTL NUMBER σ = 0.1 A. Positive compositional gradients
In this case ( C < 0 and R c < 0), all the calculations are done with S = 0. 4 , the onset of convection for the binary fluid does not change significantly with respect to that of a pure fluid, i.e., the critical parameters differ very little from those shown in Table I In Fig. 2 , the same curves as for the preceding parameters can be seen for τ = 0.01. In this case, the transition from modes dominated by thermal convection to those dominated by compositional convection is much more clear because the neutral stability curve (envelope) consist of two parts belonging to two different families of curves, the straight and the folded. The interchange takes place at R c = −3.11 × 10 4 where R c e = 2.10 × 10 4 and the precession frequency jumps from ω c = −97.24 with m = 3 to ω c = −3.822 with m = 6. By increasing −R c the wave number m = 3 of the pattern of convection is gradually recovered and ω c tends to zero. So, for both τ = 0.1 and 0.01 the effect of increasing −R c is to maintain the value of the preferred wave number and to slow down the wave.
The jumps among curves are better illustrated in Fig. 2(b) . For m ≥ 6, the nearly straight lines of Fig. 2(a) cross those folded below the turning point, and the jump in the drifting frequency is then connected by a vertical straight line. For m < 6, the crossings take place above the fold. These points are not determined with high precision, therefore, the two curves are left disconnected in Fig. 2(b) . omitted from the plots since the figures look more clear. These criteria will be kept along the paper. Figure 3 shows the preferred modes at R c = −1.0 × 10 4 , where the effect of the mixture is weak. Those for and |v| 2 look like those of the pure fluid for the same E. The contour plots of spiral much more and are more confined to the inner boundary than those of . Figure 4 is plotted at R c = −7.0 × 10 −5 in the asymptotic regime of high −R c . The first row of the plots does not differ very much from the preceding case, but the second is nearly indistinguishable from the temperature perturbation of the same figure. This can be explained easily a posteriori from Eq. (19) to (23) . 
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Therefore, as can be seen in Figs The contour plots indicate that E is moderately small because the vortices of convection fill most of the width of the shell and the kinetic energy density is confined at the outer boundary. The main contribution to |v| 2 corresponds to the azimuthal velocity. The radial velocity, which allows to understand easily the dynamics of the vortices, goes almost in (π /m out of) phase with for positive (negative) thermal Rayleigh numbers, respectively. The concentration perturbation is slightly above π /2m out of (in) phase with respect to .
The last case considered with positive compositional gradients corresponds to a small Ekman number E = 10 −6 and τ = 0.1. It is selected because it is known 9 that for these parameters the onset of convection for a pure fluid falls in the rapidly rotating asymptotic limit.
The neutral stability curves for m = 1, . . . , 37 have been computed, and some of them are shown in Fig. 5 . Their behavior is more complicated than with moderate E because they can be double folded (for instance, the curve labelled m = 22) or even can be the envelope of two folded curves (see, for instance, the m = 6 curve inside the fold of m = 3 in Fig. 5(a) , or in Fig. 5(b) ). At and ω c = −1.097 × 10 4 , which are only slightly lower than those of R c = 0 (see Table I ). The effect of increasing −R c is a slow decrease of (R and ω c = −1.71 × 10 9 (−R c ) −1.054 . So it seems that these laws do not depend on E. In this case, the relative error for ω c is less than 2.6%.
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Net, Garcia, and Sánchez Phys. 4 corresponding to the pure fluid. The preferred modes corresponding to the low −R c limit are plotted in Fig. 6 . In this case, it reflects the low E value selected, with modes attached and confined to the inner boundary, and a very thin columnar kinetic energy density. The contour plots of are like those of but with the phase difference commented before. The radial extend and curvature of the former are a little bit more pronounced. 
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The contour plots of and in the high −R c limit (not shown) have m c = 3, and resemble very much to those of Fig. 4 . Only the contour plots of |v| 2 , which are like those of Fig. 6 , exhibit the influence of the low E value, i.e., the large azimuthal velocity of the fluid at high rotation rates or very low viscosities.
The preceding results can also be compared with those obtained theoretically in Ref. However, there is a discrepancy in the preferred mode of convection. According to Ref. 12 there exists a slow mode of convection of small constant wave number m c = 2.22 preferred when the concentration gradient is weak. In this regime, the torque provided by the compositional buoyancy term can balance the generation of vorticity supplied by the Coriolis force, and then the equations are reduced to those of a cylinder with flat lids for which, with non-slip boundary conditions, the onset of convection gives rise to azimuthal waves drifting very slowly. 26 Both studies agree in the low wave number of the slow waves, but our results show that the slow mode becomes preferred for strong concentration gradients (see Figs. 1, 2, and 5). Consequently, all seems to indicate that at low and moderate −R c the compositional buoyancy is negligible in front of the thermal buoyancy because of its slow diffusivity, and the dynamics is controlled by the high rotation rates as for the pure fluid. Only at very high −R c the compositional buoyancy is able to balance the Coriolis force, and to give rise to steady convection against stabilizing temperature gradients.
B. Negative compositional gradients
In this case ( C > 0 and R c > 0), the compositional gradient exerts a stabilizing effect, and when it becomes significant the critical thermal Rayleigh number must exceed that of the pure fluid. Unless otherwise stated S = 0. 2 is already more than 11% higher than that given in Table I for R c = 0. We only plot the envelope of the curves because they almost overlap in the large R c interval presented. As can be seen in the figure, after the noticeable jumps, the slopes of the neutral curves for both τ are almost the same. The asymptotic laws for τ = 0.1, give R The preferred modes of convection in the asymptotic regime are shown in Fig. 8 plotted for τ = 0.01. The effect of a very high R c is to confine the vortices of and near the inner boundary, as for a high rotation rate, but in this case the vertical extent of the vortices is much smaller and they are less spiraled. The kinetic energy density also remains confined near r i in contrast to Figs. 3 and 4, which are also computed for E = 10 −3 . The larger R c the shorter the height of the vortices is. Be aware that in Fig. 8 . In general, they are more spiraled as for positive compositional gradients (see Fig. 3 ). Figure 9 shows three solutions (see the figure caption to know R c ) that belong to an intermediate regime in which the effects of the temperature and compositional gradients are both important. Notice that although the contour plots of initially fill the shell, the velocity field is completely different from that obtained for negative compositional gradients with the same E, now the main contribution to |v| 2 corresponds to the radial velocity. In Figs. 9 and 10, the only wave which travels prograde is that of R c = 1.5 × 10 6 . Figure 10 displays the patterns of convection driven mainly by Fig. 3 for E = 10 −3 , R c = 9.0 × 10 8 , τ = 0.01, and m c = 11.
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Net, Garcia, and Sánchez Phys. Fluids 24, 064101 (2012) compositional gradients. The first row corresponds to the preferred pattern at high R c in the curves of Fig. 7 (see also Fig. 8 ). The next pattern is antisymmetric with respect to the equator, and from R c ≈ 7.45 × 10 7 tesseral modes are selected, namely, modes for which the degree (l) and order (m) of the spherical harmonics of higher amplitude verify m = 0 and l − m = 0. In fact, with this definition, the antisymmetric mode is the tesseral mode with l − m = 1 and l = 8. By increasing R c this difference increases monotonically for the successive modes. The symmetric patterns have l − m even, and the antisymmetric l − m odd. For instance, the contour plots at R c = 5 × 10 8 , and R c = 6 × 10 8 have l − m = 6, 7, respectively. Notice that for the latter the contour plots on the equator are residual, therefore the grey is uniform.
Nonlinear tesseral patterns of convection were found by Dai et al. 27 in the study of hydrothermal convection in a water-saturated porous material of spherical-shell shape. They considered a nonrotating medium, and then there is a multiplicity of steady tesseral states co-existing for the same value of the Rayleigh number.
Finally, Fig. 11 summarizes the results obtained for τ = 0.8, 0.1 and 0.01 with E = 10 −6 . The curves are smooth and show the same tendency as for moderate Ekman numbers (see Fig. 7 ). The lower τ the stronger must the compositional gradient be to make the mixture effects clear. with relative error of 2.6%. Extremely large critical values were also described in Ref. 13 for the threshold of their almost adiabatic model of thermosolutal convection with σ = 1, when the compositional convection is stabilizing.
In Fig. 11(c) , the wave numbers m c , m c − 1, and m c + 1 are plotted for τ = 0.01, τ = 0.8, and τ = 0.1, respectively. As before the numerical values corresponding to τ = 0.01 are connected by a dashed line. The wave numbers increase from m = 23 to m = 35 for τ = 0.01, to m = 33 for τ = 0.1, and to m = 25 for τ = 0.8, although in this case the curve finishes at 10 9 instead of at 10 10 . Notice that for τ = 0.1 and 0.01 all the preferred eigenfunctions have odd azimuthal wave numbers. As a sample, one of them is shown in Fig. 12 for τ = 0.01. Since E = 10 −6 is very low, the contour plots are confined to the inner boundary, and spiral anticlockwise. The main difference with respect to Fig. 6 are the contour plots of |v| 2 , whose vertical span is now of the order of the diameter of the inner sphere (notice the white spot in the meridional section near the inner boundary) not that of a column (see the white vertical strip in Fig. 6 ). In the meridional sections of these figures, we have included the contour lines to appreciate the differences. The critical modes for τ = 0.1 and 0.8 have similar behavior. This strongly radially and axially localized thermal convection remind that described in Ref. 28 , where the axial structure of the eigenmodes is analyzed by considering a continuously varying density stratification of a pure fluid, unstable near the inner boundary and stable in the outer. For this range of parameters, we have checked that the asymptotic dependence of the neutral stability curves shown in Figs. 11(a) to the compositional gradient, the Soret effect is included in the model. The separation ratio S = −0.1 for τ = 0.1 and 0.8 and E = 10 −6 was used in the calculations. The crossings of modes do not take place at the same points, but the patterns of convection and the powers of the power laws are those shown in this section. So the changes can be considered as second order effects.
According to Ref. 12 the action of slowly diffusing light material is independent of the sign of R c provided that |R Bu c | η * 2 σ . From our results, we know this is true when the effect of the compositional gradient does not exceed that of the thermal by a large amount. By using, as before, the dimensions of the Earth's outer core, the estimated relation between the parameters, and the values of Figs. 5 and 11, the above condition gives R c 2 × 10 10 for τ = 0.1 and R c 2 × 10 11 for τ = 0.01, which do not contradict the numerical results but neither give an accurate bound for the onset of convection driven by the composition. The same happens with the drift of the waves and wave number of the critical modes. The order of magnitude of |ω c | agrees well with our results (taking into consideration that we are comparing different geometries) but, in contrast, we always find prograde drifts. Notice that in this case ω c > 0, i.e., a wave of critical wave number m c = 2 drifts in the retrograde direction, although we have checked that this is due to the relatively high E value used for these computations not to the very low σ value.
For this very low σ , the qualitative behavior of the neutral curves, corresponding to different wave numbers m, is not very different from that of Fig. 1(a) . The critical Rayleigh numbers (R The linear stability analysis of Eqs. (19)- (22) with boundary conditions (23) for E = 10 −3 , τ = 0.01, 0.1, and 0.8 is summarized in Fig. 13 . The change of sign corresponds to the descend of the curves in Fig. 13(a) . At high −R c , the dependence of the critical Rayleigh number is also almost linear, specifically R 
B. Negative compositional gradients
The results corresponding to the onset of convection for stabilizing compositional gradients, τ = 0.01, 0.1, and 0.8, and E = 10 −3 are shown in Fig. 15 . 
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As in the preceding case, the effect of τ on the onset of convection becomes apparent at lower compositional gradients than for σ = 0.1 as can be seen comparing Fig. 15(a) with Fig. 7(a) , but, in contrast, a higher R c is needed to get the asymptotic regime. From the estimations of the power laws by considering R c > 3 × 10 7 , it is found that R We think this fact is a consequence of the moderate value of E and that the precession frequency would be prograde for a lower E value.
As can be seen in Fig. 15(c) , the critical wave number starts to increase only at the end of the interval, and it is always kept much lower than for higher σ values. The first change in the slope of ω c with τ = 0.8 at R c ≈ 1.25 × 10 6 is due to a change from an antisymmetric to a symmetric mode of convection, although it is not reflected in Fig. 15(c) because the change takes place keeping m c = 1. The abrupt jump at R c = 3.10 × 10 6 is connected with an interchange from m c = 1 to m c = 2 symmetric modes.
As for σ = 0.1, the type of preferred modes at low R c is independent of τ , and it is like that of Fig. 14. The differences among the contour plots of and depend on τ . For τ = 0.01, there is a continuous transition between the initial mode of convection and that preferred at high R c . The latter is shown in Fig. 16 at R c = 8.5 × 10 7 and for m c = 3. Following the preferred eigenfunctions on the corresponding curve (× in Fig. 15 ) from R c = 10 3 up to higher values, we have seen that the mid-latitude external maxima of the kinetic energy density weaken and disappear. After, for R c > 10 5 , the contour plots of the kinetic energy start to develop an internal relative maxima near the inner sphere in the vertical of those external, and at higher R c the remaining high latitude external vortices also disappear and the inner are reinforced. Finally, these latter increase their size and collapse, giving rise to the very localized contour plots of Figs. 16(d)-16(f) but with m c = 2. The m c = 3 modes, preferred at the end of the interval, belong to the same family of solutions. Figure 17 shows two preferred modes of convection in the intermediate range of R c for τ = 0.1. For every solution, the contour plots of are very similar to those of with phase differences that never exceed π /2m. When the effect of the concentration gradient starts to be important the patterns of convection are first antisymmetric and after symmetric, but in both cases the kinetic energy density is concentrated at the poles. In the high R c limit, the eigenmodes are like those of Fig. 16 (but for m c ) for any τ computed. Despite the strong change of the slope of the curve (R c , ω c ) for τ = 0.8 in Fig. 15(b) , in the range 6.5 × 10 5 < R c < 3.0 × 10 6 the preferred patterns of convection are basically those shown in Fig. 17 , and after those of the high R c limit. Fig. 12 for, from top to bottom, R c = 6 × 10 4 , 5 × 10 5 . In both rows, E = 10 −3 , τ = 0.1, m c = 1.
VI. CONCLUSIONS
By comparing the results obtained in this paper with those known for pure fluids we can conclude that:
r In a mixture of fluids of low Prandtl number, the compositional effect starts to be important when |R c | is approximately of the order of R c e . Therefore, when the dynamics of the convection is controlled by the rotation rate, the double-diffusive effects are negligible and the preferred modes of convection are those of the pure fluid. In such a case, one should expect the same dependence of the modes with the type of heating as with |R c | = 0. Moreover, low Ekman numbers require higher |R c | values to give significant differences with the simple thermal diffusion problem. r With stabilizing compositional gradients (C i > C o ):
The onset of thermal convection is delayed, i.e., R c e is higher than that obtained for R c = 0. The precession frequency |ω c | and m c also grow. For σ = 0.1, the pattern of convection consists of vortices confined near the inner boundary whose vertical extend depends mainly on E and R c . The effect of increasing R c , in contrast to that of decreasing E, is to shorten the vertical span of the vortices of |v| 2 . So, we can conclude that the thermosolutal convection, driven mainly by compositional gradients, breaks the columnar configuration of the velocity field existing for pure fluids.
We have not found an asymptotic law between R c and R c e independent of any parameter, but |ω c | seems to increase as R 1/2 c for any set of parameters employed. It is possible that, in this case, the asymptotic limit has not been reached due to the computational cost.
The main effect of lowering the Prandtl number to σ = 0.001 is to reduce the wave number of the patterns of convection, and to change them in the region of parameters where the competition between compositional and thermal gradients is important.
Moderate-E thermosolutal convection and σ = 0.1 gives rises to a great variety of patterns of convection. In particular, the tesseral modes (corresponding to dominant spherical harmonics of l − m = 0) become critical for a fixed m provided the compositional gradient be negative and its influence stronger than that of the temperature gradient. r With destabilizing compositional gradients (C i < C o ):
The critical value for the onset of convection R c e diminishes, and the drift of the waves slows down. The convection can be triggered even in presence of stabilizing temperature gradients. In addition, the effect of strong compositional gradients is to lower the azimuthal wave number of the preferred modes. As −R c is increased, m c = 3 becomes preferred for both E = 10 and E = 10 −6 , recovering the value of very low rotation rates. Then, the patterns of convection are sectorial like those well known for a pure fluid, even when the convection is driven by the compositional gradients. The difference among the eigenfunctions of m c = 3 corresponding to
